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Metal-ion salts such as scandium triflate form strong complexes with the triplet excited gidierfoquinone,

which have extremely long lifetimes as compared with the lifetime of the uncomplexed quinone triplet, whereas
no complex is formed with metal-ion salts in the ground state. The absorption makima df triplet—

triplet absorption of the metal-ion salt complexes are red-shifted fronithevalue of the uncomplexed
quinone triplet and vary depending on the Lewis acidity of the metal-ion salts. The rate of the complexation
of the triplet excited state with scandium triflate is determined, obeying pseudo-first-order kinetics. The pseudo-
first-order rate constant increases linearly with increasing metal-ion concentration. The transient absorption
spectra of donor radical cations produced by photoinduced electron transfeX adimethylanilines to the

triplet excited state ogp-benzoquinone are detected by laser-flash photolysis measurements, whereas no such
radical cations are detected in the presence of scandium triflate under otherwise the same experimental
conditions. Thus, the electron transfer reactivity of the triplet excited state compjekeizoquinone with
scandium triflate toward electron donors is diminished significantly as compared with that of the uncomplexed
quinone triplet. In contrast, the energy transfer from the triplet excited state to oxygen is enhanced by complex

formation with scandium triflate.

Introduction tation of the ground state complexes with metal ions rather than

o . by interaction between the singlet excited states and metal ions.
The photoexcitation of molecules produces the excited state |y ¢onirast to the lifetimes of singlet excited states, however,

which has normally a much higher reactivity as compared with 556 of triplet excited states are normally long enough to
that of the ground state. Thus, the use of the excited state ha§peract with metal ions via intermolecular collisions. The nature
remarkably expanded the scope of chemical reactions, makings ihe lowest excited state of acetophenones*(or 7,7*) has

it possible to develop a huge number of photochemical reactions,aany shown to be changed by metal-i@etophenone inter-
which would never take place in the ground state.The action in metal-ion-exchanged zeolifésThe heavy metal ions
reactivity of the exgted s.ta.te. IS dgtermlnedl by the excned.state in zeolites also facilitate the intersystem crossing, helping to
energy and the spin multiplicity (singlet or triplet) of the excited - gonerate triplets from molecules that possess a poor intersystem
molecule!~> If one could control the excited state energy and crossing efficiency223However, there has so far been no report
the spin multiplicity of the molecule, the scope of photochem- o e ‘complex formation between triplet excited states (not

istry would be further expanded. In this context, it has been g0 states) and metal ions, which would change the lifetimes
reported that the spin state of the lowest excited state of aromatic; 1 the reactivitie®

carbonyl compounds is completely changed from the miplet We report herein that the triplet excited statepalbenzo-

. : :
tnoﬂt*hteriy;iz'f jﬁréglgttﬁveh fgmbrﬁgggﬁ)sn l\?v\ilrﬁrn;gtglr-lgr? ﬁ;nznsmﬁ quinone EQ*). forms complexes with metal-ion salts and that
L 69 the triplet lifetime of the Sc(OT$)complex becomes remarkably
as Mbg(CI(f);)g and ISC(OfT ﬁ (Ole - _trlgllate). |'fT h_ere ars a long by the complexation with metal-ion salts as compared with
number of examples of singlet excited state lifetimes that are o “jietime of the uncomplexed quinone triplet. The excited

ﬁffegted bg ;:(grlréplex dfca[Lmau%n tW't}:‘ mgtall-lon s?lts acting SS state complex is regarded as a triplet exciplex with Sc(¢¥Ff)
ewIs “acids, and the p 230(.: emica reactions can be p-Benzoquinone is known as a weak base, and there is little

accglerated by metal-ion salts2?° Since the Ilfetlmes_, of singlet interaction between the ground state quinone and metatiétes

excited states are usually too short for the excited states tOThus, the triplet exciplexes of Q with metal ions are formed by

l.mera(.:tthvmh ;netal '?nfhv'a |nterr(;101ei:ulatd§:olll§|o?st|n cptmé:)etl- i interaction between the triplet excited states and metal ions, the
1on wi € decay'fo Ie ground states, te singiet excited sta edynamics of which is monitored by the change in the transient

complexes with metal ions are normally formed by photoexci- absorption spectra of the triplet. The drastic changes in the

- ~_electron transfer and energy transfer reactivities of the Q triplet
h*TO whom Eo”eSpQ”dence should be addressed. E-mail: fukuzumi@ gre shown to occur by the complex formation with metal ions
¢ ?g§;|?5;°jﬁivae',“s'ii‘; 1P in comparison with the reactivities of uncomplexed triplet Q.

* University of Notre Dame. Thus, the present study opens up new perspective for control
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of the excited state lifetimes and reactivities, further expanding
the scope of excited state chemistry.

Experimental Section

Materials. Scandium triflate [Sc(OT£) was purchased from
Pacific Metals Co., Ltd. (Taiheiyo Kinzoku). 1,1,1-Trifluoro-
N-[(trifluoromethyl)sulfonyllmethane-sulfonamide [Sc(NJH]
was obtained from Sigma-Aldrich. Scandium tetrakis(pentafluo-
rophenyl)boratg Sc[B(CsFs)4] s} 27 lutetium triflate [Lu(OTfy],28
and cobalt(ll) tetraphenylporphyrin (CoTEPere prepared

as described in the literature. Anhydrous magnesium perchlorate

[Mg(ClQO4),] was obtained from Wako Pure Chemical Ind., Ltd.,
and used without further purificatiorp-Benzoquinone (Q),
hexamethylbenzene (HMBN,N-dimethylaniline (DMA), 4-bro-
mo-N,N-dimethylaniline (Br-DMA), 4-methyN,N-dimethyl-
aniline (Me-DMA), and butyronitrile were purchased commer-
cially and purified by the standard meth#d Acetonitrile
(MeCN) which was used as a solvent was purified and dried
by the standard proceduf® [2Hz]acetonitrile (CRCN) was
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Figure 1. Transient absorption changes corresponding to the singlet
excited state op-benzoquinone!Q*) as recorded immediately after
the conclusion of the 18 ps laser pulse. The line shows the fitted line
of the data (laser excitation at 355 nm). Inset: Time-absorption decay
profile of *Q* monitored at 420 nm@) and the triplet excited state of
p-benzoquinone®Q*) growth monitored at 410 nn®) following 355

nm laser excitation.

obtained from EURI SO-TOP, France, and used without further a simultaneous growth. This is exemplified in the inset of Figure

purification.
Laser-Flash Photolysis.Picosecond laser-flash photolysis

1 as solid circles. From th&Q* decay and théQ* growth, we
determined the following intersystem crossing rate: 56.00'°

experiments were carried out with 532 nm laser pulses from a s *. Due to the time response of our picosecond laser system,

mode-lockedQ-switched Quantel YG-501 DP Nd:YAG laser
system (pulse width of+18 ps, 2-3 mJ/pulse). The white

we would like to emphasis that this value should be considered
as a lower limit. The most important observation is that the

continuum picosecond probe pulse was generated by passingddition of Sc(OTf}in the concentration range from 9:910°°

the fundamental output through a@'H,0O solution. Nano- to

to 3.1x 1073 M exerts no discernible effects on the intersystem

millisecond laser-flash photolysis experiments were performed crossing process and the associated dynamics.

by using a continuous xenon lamp (150 W) and an InGaAs

Photoexcitation of-benzoquinone (Q) generaté®* with

PIN photodiode (Hamamatsu 2949) as a probe light and a unit efficiency in acetonitrile (MeCNj**2 The triplet-triplet
detector, respectively. The output from the photodiodes and a(T—T) absorption band appears/atax = 403 nm. Addition of

photomultiplier tube was recorded with a digitizing oscilloscope
(Tektronix, TDS3032, 300 MHz). The transient spectra were
recorded using fresh solutions in each laser excitation.
Phosphorescence Experimentd he phosphorescence spec-
tra were measured on a SPEX Fluoroleg fluorescence
spectrophotometer. A butyronitrile solution (1 mL) containing
p-benzoquinone in the absence and presence of Sc{Co0)
x 1072 M) in the capillary cell was degassed by bubbling with
argon gas for 15 min. The solution was irradiated with
monochromatized lightl(= 440 nm) from a xenon lamp, and
the phosphorescence spectra were measured at 77 K.

various concentrations of Sc(O%fp an MeCN solution of Q
results in a red shift of the¥T absorption band to 418 nm, as
shown in Figure 2. This indicates that the triplet excited state
(3Q*) forms a complex with Sc(OT$)(eq 1). The time profile

3 (0] *
t .
+ S¢(0Tf; ———>= 3Q'-Sc(0Th; (1)
Ay
(0]
¢Q)

Near-IR luminescence emission spectra of singlet oxygen of the complex formation is shown in Figure 3a.
were measured on a Hamamatsu Photonics R5509-72 photo- The rate of complex formation obeys pseudo-first-order

multiplier under irradiation at 462 nm with the use of a Cosmo
System LVU-200S monochromator.

Results and Discussion

Formation of Triplet Excited State Complexes with Metal

kinetics, and the pseudo-first-order rate constant increases
linearly with increasing metal-ion concentration (Figure 3b).
From the slope, we determined the rate constant of the complex
formation ) to be 3.6 x 10® M~1 s™1. Owing to the large
intercept &1 s71), which relate to the complex dissociation
(kg, s71) that typical plots okqpsversus Sc(OTfconcentrations
reveal (see Figure 3b), we postulate an equilibrium between

lons. In picosecond resolved transient absorption measurementsthe triplet precursor3Q*) and the complex3Q*—Sc(OTf)].

we probed the singlet excited state featurep-bEnzoquinone
(!Q*) and its fate in terms of intersystem crossing, which is
known to be near quantitative in this class of compounds, in
the absence and presence of Sc(@TFpr example, following

From this rather crude analysis, we obtain the first estimate for
a formation constant)) of 10° M.

This led us to pursue a more accurate determination ofthe
value. TheK value of the triplet excited complex of Q with

photoexcitation at 355 nm of a concentrated and degassedSc(OTf) is determined from the spectral change with variation

solution of p-benzoquinone (I& M) led to the observance of

of the Sc(OTf} concentration in Figure 2. The absorbance at

a short-lived transient intermediate. The spectral characteristics418 nm AAbs) due to theéQ*—Sc(OTfs complex increases
of this new transient are a broad maximum at 420 nm (see awith increasing Sc(OT§)concentration to reach a constant value

display of the 4068-550 nm region in Figure 1).
In parallel to the!Q* decay at 420 nm, we noticed in the
region where the triplet excited staf€¢) absorbs (see below)

(AADs.), as shown in Figure 4a.
Such an absorbance change due to the complex formation is
expressed by eq 2, which is rewritten by eq 3, wheAbs; is
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Figure 2. T—T absorption spectra by laser-flash photolysis of Q (1.2

x 1072 M) in the absence of Sc(OTEfand the presence of Sc(OTf)

(21x 104 42x1046.3x 104 83x 104 1.0x 103 1.2x

1073 1.4 x 1073, and 1.6x 1073 M) in deaerated MeCN at 298 K at (b) 25
1 us (absence of Sc(OH))and 6us (presence of Sc(OH))after laser

excitation atl = 355 nm.

2.0 |
the absorbance at 418 nm in the absence of

AAbs — AAbs, =
K[SE](AAbs, — AAbsy)/(1 + K[SC™]) (2)

107 Ayps, 8™
&

1

\

(AAbs — AAbs) ' =
(AAbs, — AAbsy) "+ (K[Sc*'](AAbs, — AAbs)) ™" (3)

0.5 [
Sc(OTfy. According to eq 3, a linear correlation is obtained
between AAbs — AAbsy)~! and [Sé']~! (Figure 4b). From 0 L L L L 1
the slope and intercept of the linear plot is determined the 0 1 2 s 4 5 6
formation constant a& (=ki/ky) = 3.0 x 10* M~1in MeCN at 103 [Sc(OTf),], M
298 K, which is in reasonable agreement with the kinetic

! Figure 3. (a) Time course of the absorption change at 418 nm due to
analysis (see above). the complex formation ofQ* with Sc(OTf)s [0 M (O), 1.6 x 103 M

The heat of formationAH) of the 3Q*—Sc(OTf) complex (@), and 4.9x 10°*M (2)] in deaerated MeCN at 298 K. (b) Plot of
is determined as—25.8 kJ mol! (—0.27 eV) from the  the pseudo-first-order rate constakis) vs [Sc(OTH)].

temperature dependenceko{Figure 5). This indicates that there .
b P (Fig ) The formation constants and the rate constants of the complex

is signifi t int tion bet * OTH). . ; . . .
IS significant interaction be we.érQ and Sc( . f formation of Q with various metal-ion salts were determined
3Q* also forms complexes with other metal-ion salts, and the for the case of théQ*—Sc(OTf complex. The results are

T—T absorption band is red-shifted as the Lewis acidity of the symmarized in Table 1.

metal-ion salt¥’33-35 increases in the following order: 409_nm The T—T absorption spectrum 86 decayed to the spectral
[Mg(ClO4)2], 412 nm [LU(OTfY], 417 nm [Sc(NT)s, NTF, baseline on the microsecond time scale with a lifetime of 2.1
= N(SOCF).7], 418 nm [Sc(OTf), and 421 nm{Sc- x 1074 s35 In the presence of Sc(O&f)however, the FT
[B(CeFs)a]s}, as shown in Figure 6. We have recently reported apsorption decay becomes much slower and, moreover, depends
that the fluorescence maxima of the singlet excited states of g, the Sc(OT# concentration, as shown in Figure 8. The decay
10-methylacridone with metal iondAcrCO*—M"") are red-  gynamics consists of both first-order and second-order processes,
shifted as the Lewis acidity of the metal-ion salts incredes. which correspond to the unimolecular decay to the ground state
Figure 7 shows a plot of thiev values of the TT absorption  and the FT annihilation, respectively. The first-order decay

of the triplet excited state complexes of Q with metal ions versus constant kr) and the second-order decay constdmt{) were

the rate constants of the metal-ion-salt-promoted electron transferdetermined separately from the first-order and second-order plots
from cobalt(ll) tetraphenylporphyrin (CoTPP) to*)A good (see Supporting Information Figure S1). The second-order rate
linear correlation in Figure 7 indicates that in both cases the constants Kr—t values) were determined including the mole
binding of metal ions with the triplet and singlet excited states absorption coefficiente] of the triplet absorption.

is much stronger than the binding with the ground states and  Plots ofkr versus [Sc(OT§ ande~Ykr—r versus [Sc(OTH

that the difference in the binding energy between the ground are shown in parts a (circles) and b (circles) of Figure 9,
and excited states increases with increasing Lewis acidity. Thus,respectively. In each case, the decay rate constant decreases with
the basicity of both the triplet and singlet excited states is increasing Sc(OT$) concentration to reach a constant value
enhanced as compared to that of the ground states. which is much smaller than the value without the metal ion.
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Figure 4. (a) Plot of the T-T absorption at 418 nm vs [Sc(OTEfby
laser-flash photolysis of Q (1.2 1072 M) in the absence of Sc(OTf)
and the presence of Sc(OT{0—9.0 x 1072 M) in deaerated MeCN
at 298 K at 1us (absence of Sc(OHj)and 6us (presence of Sc-
(OTf)s) after laser excitation at = 355 nm. (b) Plot of AAbs —
AAbsy) ! vs [Sc(OTfy] L
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Figure 5. Plot of In K of the complex formation betweei@* and
Sc(OTf vs TL

This indicates again th&Q* is in equilibrium with the Sc-
(OTf)3 complex PQ*—Sc(OTfy] and that the triplet lifetime
of the3Q*—Sc(OTfk complex is much longer than the lifetime
of free 3Q* (Scheme 1). According to Scheme K, andkr_t
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Figure 6. T—T absorption spectra by laser-flash photolysis of Q (1.2
x 1072 M) (a) in the absence of and the presence of (b) Mg@:lO
(5.0 x 1072 M), (c) Lu(OTf)z (1.5 x 1072 M), (d) Sc(NTH)s (5.0 x
1073 M), (e) Sc(OTf} (5.0 x 102 M), and (f) Sc[B(GFs)]s (5.0 x
1072 M) in deaerated MeCN at 298 K at/6 after laser excitation at

A = 355 nm.
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Figure 7. Plot of logke: for metal-ion-promoted electron transfer from
CoTPP to Q vshv of the T-T absorptions of théQ*—metal-ion
complexes.

are given as a function of [Sc(OEf)by eqs 4 and 5,
respectively.
_ K% + K K[SC*]

1+ K[SE*"] *)

T

Ko+ K KASET? + K KIS
B (1 + K[SE])?

T-T

Hereby,k% andk'r are the first-order decay rate constants
of 3Q* and the3Q*—Sc(OTfl complex andr_t, k*r_1, and
klr_t are the second-order decay rate constantQvfand the
3Q*—Sc(OTfy complex. Theklt value can be readily deter-
mined by the fit of the data to eq 4, sink® and theK values
have already been determined independently. The second-order
rate constantsk{_r values) were determined including the mole
absorption coefficiente] of the triplet absorption (vide supra).
The decay rate constants, on the other hand, were determined
from the reasonable fit of all the data kf andkr—t to eqs 4
and 5 (solid lines for the circles in Figure 9a and b). The rate
constants of théQ*—Sc(NTf), and3Q*—Mg(ClO,), complexes
were also determined, as shown in Figure 9a and b (rectangles
and triangles, respectively). The rate constants thus determined
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TABLE 1: First- and Second-Order Decay Rate Constants ofQ* and 3Q*—Metal-lon Salt Complexe$

metal ion KM% Kr (s71) kK (s e Uor_r(cms?) e Ky-_r(cms?Y e Wr_r(cms?
Sc(OTfg 3.0x 10° 48x 10° 1.8x 10 1.0x 1¢° 7.0x 10° 25x 10¢
Sc(NTh)s 3.2x 10 4.8x 10° 2.1x 10 1.0x 1¢° 15x 10* 5.0 x 104
Mg(ClOx), 2.3x 10 4.8x 10° 4.8x 10 1.0x 1¢° 2.0x 10¢ 8.0x 10°

akor andklr are the first-order decay rate constant$@f and the3Q*—metal-ion salt complexes, anér_t, k*_1, andklr_7 are the second-
order decay rate constants ¥9* and the®Q*—metal-ion salt complexes. is the mole absorption coefficient of the triplet absorption.
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Figure 8. Decay dynamics of FT absorption change at 418 nm by  (b) [Mg(CIO,)Z, M
laser-flash photolysis gf-benzoquinone (1.2 1072 M) in the absence 0 0.1 0.2 0.3 0.4 0.5 0.6
and presence of Sc(OTFf9.9 x 1075, 9.9 x 1074, and 2.7x 1073 M) 1.2 T T T T T
in deaerated MeCN at 298 K.
. ) . ol O
are listed in Table 1 together with tievalues. In the case of Sc(0Th)s
the 3Q*—Sc(OTfk complex, theklt value is 270 times smaller 0.8 —{1 Sc(NTf,)3
than thek®r value. Thus, the triplet lifetime ofQ* becomes
—\= Mg(CIOy),

remarkably longer once complexation with Sc(QTékes place.
Following photoexcitation of Q, the singlet excited statg) (S

is formed and an efficient intersystem crossing generates the
lowest triplet excited state (J. The triplet lifetime may be
determined by the energy gap between thead T, states,
since the larger the mixing of the singlet state, the faster is the
triplet decay. The Tstate becomes lower in energy due to the
binding of metal-ion salts witBQ*. In contrast, virtually no
complex formation may occur between thesate of!Q* and [Sc(OTf)s] or [Sc(NT;)], M

metal-ion salts because of the extremely short lifetime of the Figure 9. Plots of (a) first-orderky) and (b) second-ordek{-r) rate
S, state of1Q* (<20 ps)?! In such a case, the stronger the constants vs the concentrations of metal-ion salts fell Bbsorption

binding of3Q* with the metal-ion salt, the larger is the-ST; change of Q in the presence of SC(QP), Sc(NTE)s (), and Mg-

energy gap and, thus, the longer is the triplet lifetime. This may (CIO4)2 (4) in deaerated MeCN at 298 K.
be the reason the triplet lifetime of tR@*—Sc(OTfk complex SCHEME 1
(5.7 x 1072 s) is longer than the lifetime (2.4 1072 s) of the P
3Q* complex with Mg(ClQ),, the Lewis acidity of which is 2 Iy 1sC +Sc(0Th),
weaker than that of Sc(O&f)Since the first-order decay process @ ) Q- So0TH
of the 3Q*—Sc(OTfk complex is expressed as a single- °@ | °
exponential function, there are no multiple relaxation processes +3Q'\/r°T_T \"”
as reported in a doublet exciplék.

Change in the Electron Transfer Reactivity of the Triplet Q 2Q Q 2Q+Sc(OTf); 2Q+2Sc(OTf);
Quinone by Complexation with Metal-lon Salts.Photochemi-
cal reactions op-benzoquinone derivatives have been exten- triplet excited state of Q is exergonie (.45 eV), judging from
sively studied because of the high reactivities of quinone the one-electron oxidation potential of Br-DMAE%x Vs
triplets37-40 The energy diagram 60Q* and the3Q*—Sc(OTf) saturated calomel electrode (SCE)0.92 V)y*243and the one-
complex is summarized in Scheme 2, where the energies wereelectron reduction potential 8Q* (E%eq= 1.37 V vs SCE}44°
determined from the one-electron redox potentials and the triplet In fact, a transient absorption band due to the Br-DMA radical
excited energies were determined from the phosphorescenceation @max = 492 nm}®is observed together with that of Q
spectrum of Q in the absence and presence of Sc{@bferved (Amax = 422 nm with a shoulder at 450 nfh)n the photoex-
in deaerated frozen butyronitrile at 77 K (see Supporting citation of an MeCN solution of Q and Br-DMA, as shown in
Information Figure S2j! Figure 10a (open circles). In the presence of Sc(@Tfwever,

The free energy change of photoinduced electron transfer no electron transfer from Br-DMA t8Q*—Sc(OTf)s occurs,
(AGY%y) from 4-bromoN,N-diemthylaniline (Br-DMA) to the as shown in Figure 10a (solid circles). This is ascribed to the

108 & g.r, cm s~

0
0 0.005 0.010 0.015 0.020 0.025

3Q'-Sc(0ThH,

Ry >> Ky Kr Q" +3Q'-Sc(0Tf),

Frx \ Krx
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SCHEME 2
(1.87 eV)
(142eV)  prowa S
Q" + Br-DMA™ /__ +Sc(0Ths
~ rerR (1.03 eV)
~Sc(OTf), 3Q'-Sc(0Th);
(0.98 eV) %0, EE E— (0.98 eV)
Q +'0, k Q +'o,
Q

change in the free energy change of electron transfer which
becomes positive(0.39 eV) wherfQ* forms the complex with
Sc(OTf), which has a much less positi#.q value (0.53 V
vs SCE) than that ofQ* (1.37 V vs SCE}* Similarly,
photoinduced electron transfer frakiN-dimethylaniline (DMA,
E%x = 0.76 V vs SCE¥ and 4-methylN,N-dimethylaniline
(Me-DMA, E%y = 0.69 V vs SCE¥ to 3Q* occurs to produce
DMA** and Me-DMA™ as well as @, whereas no such radical
ions are produced in the case of th@*—Sc(OTfs complex
(see Supporting Information Figure S8).

When hexamethylbenzene (HMB%x = 1.49 V vs SCE) is
employed as an electron donor, neitBé&* nor the 3Q*—Sc-
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Figure 10. (a) Transient absorption spectra by laser-flash photolysis
of Q (1.4 x 1072 M) and Br-DMA (7.3 x 10°2 M) in the absenced)

and presence®) of Sc(OTf) (9.3 x 1073 M) in deaerated MeCN at
298 K at 1lus after laser excitation at = 355 nm. (b) Transient
absorption spectra by laser-flash photolysis of Q (£.4072 M) and
HMB (3.3 x 1072 M) in the absenced) and presence®) of Sc-
(OTf)3 (9.3 x 1072 M) in deaerated MeCN at 298 K ats after laser
excitation atl = 355 nm.

(OTf)3 complex gives the HMB radical cationlfax = 490
nm)/° as shown in Figure 10b, where only the T absorptions
of 3Q* and®Q*—Sc(OTf) are seen upon photoexcitation of the
Q—HMB system in the absence of Sc(OF {ppen circles) and
in the presence of Sc(OTffsolid circles). This is consistent
with the endergonic photoinduced electron transfer in the
absence of Sc(OTf)(AG% = 0.12 eV) as well as in the
presence of Sc(OTf(AG%; = 0.96 eV)>°

Change in the Energy Transfer Reactivity of the Triplet
Quinone by Complexation with Metal-lon Salts. Since both
3Q* (1.87 eV) andPQ*—Sc(OTf) (1.03 eV) are higher in energy
than the singlet oxygen@,*) (0.98 eV)552 energy transfer
from both3Q* and 3Q*—Sc(OTfy to 0, is expected to occur.
In fact, the characteristic singlet oxygég) phosphorescence
is observed at 1270 rith®2by irradiation of Q (1.2x 1074 M)
in both the absence and presence of Sc(Qf)0 x 1072 M)
(see Supporting Information Figure S4). Figure 11 shows the
decay time profiles 0fQ* and 3Q*—Sc(OTf) in air-saturated
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Figure 11. (a) Decay time profiles of absorbance at 400 nm observed
by photoexcitation of an air-saturated MeCN solution of Q (£.2072

M). (b) Decay time profiles of absorbance at 420 nm observed by
photoexcitation of an air-saturated MeCN solution of Q (%.2072

M) in the presence of Sc(OTEf(1.0 x 1072 M).
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MeCN ([O] = 2.6 x 1073 M). The decay rates ofQ* and
3Q*—Sc(OTf) increase linearly with increasing,@oncentra-

tion (see Supporting Information Figure S5). The rate constants

(ken values) of the energy transfer frol@*—Sc(OTf and*Q*
to O, were determined to be 1.0 10° and 3.1x 1M1 s 4,
respectively. The energy transfer rate3@f—Sc(OTfy is ~6
times faster than that oiQ*. It is known that thekgy value
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the triplet excited energy determines tkg, value. Thus, the
acceleration effect of Sc(OEfpn the energy transfer is ascribed
to the lower energy of théQ*—Sc(OTfi complex than that of
3Q* in Scheme 2.

Summary and Conclusions

The triplet excited state gf-benzoquinone forms complexes
with metal-ion salts such as Sc(O7f)whereas no such
complexes are formed in the ground state. The triplet lifetimes
are significantly elongated and the triplet energy is lowered by
the complex formation with Sc(OTf) The electron transfer
reactivity of the triplet quinone with electron donors is
diminished, whereas the energy transfer reactivity towerd
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energy by the complex formation with Sc(O3.fpuch complex
formation of the triplet excited state with metal-ion salts provides
a new and versatile methodology to control the lifetime and
reactivity of the triplet excited state, leading to expansion of
the scope of the excited state reactions.
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